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Abstract

A scries of polyacrylonitrile-based (P AN)
cleet rolytes containing 1.i Askg and @ number o f
solvent mixtures including Ethylene Carbonate (1:C)
1 Propylene  Caibonate (PC) were  prepared,
clectrochemically evaluated and used as clectiolyte
in the polymercells. The typical composition of the
clectrolyte mixture was I'’AN -15 M%, }.iAskg-~15
M% and solvent mixture ~ 70 M%. The P AN-based
clectrolyte containing EC, PC and 1.iAskg gave a
conductivit y of 10-3 (S/cm) at 1 oom temperature.
Both cai bon andlithium cobalt oxide composite
clectrodes were studied versus lithium in small
capacity cells. Thesame electrolyte composition
was used in fabricating the composite electi odes.
Cells wes ¢ fabricat ed and evaluated for cycle life and
cathode utilization efficiency. The capacity of the
cells is between 5 t0 10 mAh. Lithium polymer cells
containing, cither caibonor lithium cobalt oxide
showed so far ar ound 40 cycles with minimum 1oss
of capacity. 1 .ithiumion polymer cells (1.14C
Igelll i,CoOy)delivered -5 mAh capacity in the
initial cycles and cycling of the cell isin progess.
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Introduction

1 .ithium polymeric elect 1 olyte 1 echargeable
cells arebeing act ively developed for sever al
applications inducting consumcr electronics and
clectric vehicles. Polymer rechargeable cells have
sever al advantages over the liquid electrolyte cells:
the.scinclude 1) reduced propensit y for lithium
dendrites, 2) enhanced interfacial  Stability, 3)
flexible shape etc. 110WC.VC|, the problems 1 elated to
dendrites  and  Inactivity are  not  completely
eliminated at the lithium clectiodes. The
developmentin liquid-based cells is focused onthe

USC Of lithium-carbonanodes (termed as lithium ion
or *“recking-chair” configuration) in place of metallic
lithium to reduce the dendrites and thus impi1 ovc the
cycle life. Additionally, the replacement of lithium
with lithium-carbon may improve the safety of the
cells. An extension of this concept, i.e., usc of 1i-C
for 1., 1o the polymeric electrolyte cells is thus
expeceted to furtheri educe the problems of dendrites
and inter facial instability. At the Jet Propulsion
1 .aboratory as part of anon goingsccondary lithium
battery research cflort we have initiated preliminary
clecti ochemical studies on the lithium ion polymer
cells. Initially, wc evaluated the materials properties
in small capacity cells. Wc report below our results
on the electrochemical properties of 'AN-based
gelled electrolytes containing EC + PC -1 1iAskq as
well 8 on  he cycling behavior, at loom
temperature, of | .i-Carbon, li-1 .iCoO9, and
1ixCoQ, cells containing the above clectrolyte.

Experimental
Electrolyte Preparation:

Gelled clectrolyt es wit h diflerent
compositions were prepared as give.tl below!.
Appropriatec amounts of the components were
weighed before hand. 1 .ithium hexafluoroarsenate
was dissolved in the solvent mixture and the
temperature of the liguid electiolyte was raised to
100°C followed by the slow addition of PAN. The
temperature was maintained at around1 00°C till a
clear homogencous viscous liquid was obtained.
T hin films wer ¢ pr epared by casting the hOt gel
between two preheated quartz plates and pressing
them together. This procedure yielded thin films
with thicknesses --100 micron. Typical composition
of the clectrolyte was PAN ~15M%, LiAskig ~15
M% and solvent mixture ~ 70 M%.




Composite Flectrodes Preparation:

Composite electrodes with good ionic and
clectt onic conductivities are required in polymer
cells to achieve reasonable rates. 1 .ixCoQOy -based
composite cathodes wer ¢ used for cell studies.
Composite cathodes comprises of 1 .ixCo0250 w%,
acetylene black (for eectronic conductivity y) 10 wero,
and the polymer clectrolyte (for ionic conductivity)
40 w%. Thel.ixCoOy and acet ylene black wer ¢
well mixed by a high speed blender.  Gelled
polymeric clectr olyte (PAN 15 M%; LiAslg15M%
and EC+PC 70 MOJ/o) was prepar ed befor chand
followed by the addition of the mixture of 1.ixCoOy
and acct ylene black. The hot black slur1 y was then
pour ed on to a pi cheated aluminum foil. Thesluny
was unifor mly disti ibuted and coated on the
aluminum foil. The composite electrode was cut to
size, 13/8"x 1 3/8”, for later use.

The carbon electi ode consists of a
commet cial graphite subjected to a pretr eatment
process identified in our earlier studies in organic
liquid electrolytes.  The carbon electrode gave 240
mAh/gm capacity at C/1 O rate. The sclected carbon
anode and clecti olyte materials are being used in
conjunction with lithium cobalt oxide composite
cathode to fabricate liion-polymercells.  The
clecti odes a1 ¢ scaled in a polyethylene laminated
aluminum foil using a scaling technique developed
at JPL. LiyC -based composite clectrode was
prepared  and its electrochemical performance
tested. Composite cathodes comprises of Carbon 50
w220 @nd the polymer electrolyte SO w%.  Gelled
polymeric clectrolyte (PAN 15 M%; LiAsk g 15 M%
and 1:C+PC 70 MO/o) was prepar cd beforehand
followed by the addition of prewecighted carbon.
The hot black slur ry was then poured into a stain css
steel (SS) mold with a 1 mil thick SS. foil on the.
bottom. ‘1 ‘he slurry was then evaporat ccl by
convection.  The composite electrode was tiimmed
tosize, 1 3/8"x 1 3/8" for cell studics.

Cell Fabrication:

Three types of cells were fabricated. The
three types of cellsare 1)  1.i/gel/1.ixCo0Or, 2)
I i/pel/ligC,  and 3) LiyCl/gell ixCoOp Two
polycthylene laminated aluminum foils wer ¢ hot
scaled on three sides to formanecnvclop.  An
clectrode stack consisting of lithium anode,

polymeric elect 1olyte, and composite elect rodes was
assembled and housed in the polyethylene laminate. d
aluminum envelop.  The envelop was sealed in
vacuum. Yourof each experimentalli-1.i,Co02
and 1.i-Carbon polymer cells (--10 mAh) were
prepared for elect ochemical investigations, The
cells wer e assembled in adr y-loom with less than
1°A humidity. Both types of the cells showed an
open circuit voltage (WV) in the range of 3.0 and
3.2 volts.

Standai d electr ochemical equipment were
used for the electrochemical evaluation of the gelled
clectrolyte films.  AC impedance measurements
were made 011 both uncycled and cycled cells to
obtain informations on the bulk and interfacial
propettics.

Cell Testing:

The laboratory lithium-composite polymer
cells were tested at ambient temperature for cycle
life performance between the voltage limits
described above. A comput er cent 1olled bat tery
cycler was u sed for cycling studies. The cells were
charged at a constantcurrent, 1 mA, and followed
by taper chaige at 4.25V. The cell was discharged
at a constant cuiient, 2 mA. The1i-1.ixCoO7 cells
were cycled between 4.3V and 2.6V, and the 1.i-
Carbon cells were cycled between O. 15Vand1 V.
The full cell was cycled between 2.60 V and 4.25 V.

R esults and Discussion

We have investigated the clectrochemical
propeitics of the gelled polymer electrolytes, three
different types of polymer cells and their cycle life
pei formance These are described below.

Electrolyte Studies:

1H{lee'tl olytes films wei € cutto size (~1 cm?)
and sandwiched between two well polished stainless
steel (SS) electiodes (blocking contacts) for both a-c
and d C measurements.  The aC measurement was
made in the fiequency regime 100 k1lzto S 11z In
Fig.1 is shown the Nyquist plot for the electrolyte
of composition PAN~15M%,1.iAslg~15M% and
EC-11'(: -- 70M%. The x-axis intercept gives the
bulk 1 esistance (R) of the elect1olyte.  The



tesistivity (o) is 1073 S/em at room temperature.
The near perpendicular plot indicates that there is no
measurable charge transfer at the intetface. In Fig. 2
is shown the d-¢ voltammetric behavior for the same
clectrolyte.  The elcctrolyte scems stable in the
voltage range 1 to 5 V vs. 1.i.

Electrochemical Studices of Cells:

Although our aim is to cvaluate the a-c
behavior of the full cells (1.iC composite anode
/gelled electiolyte/1.ixCoQ2 composite cathode) as
iitial studies we investigated the interfacial on bulk
propertics of the components electrodes using a-c
mceasurements.  Experimental cells with 1i anode,
LiCoOy composite cathode (~ 10 mAh) and gelled
clectrolyte were fabricated and cycled at room
temperature. In Fig. 3 is shown a-c¢ behavior of
lithium cobalt oxide before and afler 39 cycles. The
value indicate the total resistance is around 2.1 ohms
and did not change with cycling. However, Fig. 3b
(a-c behavior of the cycled cell) shows the evolution
of a scmicircle which indicates that interface
(between Tithium and electrolyte, clectrolyte and
cathode, o1 both) changes continuously. In Fig. 4 is
shown the a-c behavior of lithium -lithium carbon
cell before and afler 33 cycles. Although the bulk
resistance of the cell is the same (around 2.1 ohms)
the interfacial  charge transfer  resistance  is
considerably reduced afler cycling.  This suggests
that probably the inteiface has improved with
cycling .

Cell Performance

In Fig. 5 is shown charge-discharge curves
as a function of time up 1o 42 cycles. for a lithium -
lithium cobalt oxide cell. The capacity of the ccll
declined slowly to 3.7 mAh till ~40 cycles.  The
cycling data for lithium-lithium carbon cell is shown
in Fig. 6. The first half cycle is the lithiation of the
catbon clectiode. A total of 46 mAh was passed.
The following cycles exhibited approximately 3 mAh
capacity. The capacity difference between the first
and the following cycles is attributed to the
formation of the surface layer on the carbon
material2. The discharge capacity for the
subscquent cycles remains the same around 3 mAh.

The first three charge-discharge cycles on a
full cell (lithiated caibon composite anode/gelled

clectrolyte/lithium cobalt oxide composite cathode)
is shown in Fig. 7. The cell was cycled between
4.25 Vand 2.6 V. The initial capacity of the cell
was around S mAh.  The second and third cycles
showed a lower capacity. The cycling of the cells is
in progress.  The data desciibed above  are
preliminary and further cell studies are in progress.

Conclusions

PAN-based gelled clectrolytes were prepared
and clectrochemically  evaluated. The bulk
conductivity at room temperature of the electrolyte
PAN 21 M%; LiAskFg 8 M% and EC 4 PC 71 M%
was 10-3 S/em.  Small capacity experimental half
cells with LiC and 1.iCoOy composite electrodes
wete fabricated and tested for cycle life. These cells
could be cycled over 30 cycles without perceptible
capacity decline.  Petformance of the lithium jon
polymer  cells  (1iC/gelled clectrolyte/1.iCo02
cathode) is currently being evaluated and the results
will be presented in the meeting.
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Figutel. NyQuist plot for the elect] olyte containing
PAN ~20 w%, l.iAskg 15 W% and solvent

mix{ure ~65 w%.

400
(&) uncycled
A
300
ki A
@)
“ 200 A
N
G A
100 A
A
A
A
o f
0 100 200 300
1<07,’, 011111s
400
(b) afler 39 cycle
300
%
RE
O
. 200
BN
E
100 g
[
rfrprl U[]U[Wfﬂﬁ‘w
ol
0 100 200 300
Re 7' 011111s

400

400

Jigure 3. The aC behavior of lithium-lithium cobalt
oxide cell (a) uncycled and (b) afler 39

cycles.
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Figure2. D-C cyclicvoltammetric behavior of the
clectiolyte (same as inFig. 1) sandwiched
between two well polished stainless steel
clectrodes
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Figure 4. The ac behavior Of lithium -lithium carbon
cell (8) uncycledand (b) afle133 cycles.
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Figuie S. The discharge capacity vs. cycle life of a N

lithium - lithium cobalt oxide cell.
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Figure 6. The discharge capacity vs. cycle life of a

lithium - lithium carbon cell. Figure 7. The first three charge-(iischarge cycles on

a full cell (lithiated carbon composite
anode/gelled electrolyte/lithiuna cobalt
oxide composite cathode)



